LIŠKA, J., FILÍPEK, J.: The resistance of ledeburitic tool steels against the abrasive wear. Acta univ. agric. et silvic. Mendel. Brun., 2012, LX, No. 6, pp. 231-242 The ledeburitic tool steels which used to be used mainly for cutting and shaping tools nowadays are frequently used for a manufacture of injection moulds, moulds for pressure castings of aluminium alloys and for moulds for ceramics processing. The article deals with fi ndings of ledeburitic tool steels resistance against abrasive wear. For the tests there were prepared the test samples of ledeburitic tool steels 19 436 and 19 573 (both according to ČSN). Moreover there were prepared the samples from structural abrasion resistant material Hardox 450 and from unalloyed structural steel 11 373 (according to ČSN). A wear resistance was examined by means of a laboratory test with an abrasive cloth and the Bond's device. Herea er the article deals with a possibility of utilisation of ledeburitic alloyed steels for a manufacture of tools for a land processing. For the examination of a resistance against wear in land there was made a plough test in which the tested samples were mounted on plough blades. By means of both the laboratory and operational tests there was found multiple higher resistance against wear of ledeburitic tool steels rather than of structural steels. During a land processing there was found unsuitability of steels processed for a maximum hardness, which came out as fractures of several samples. abrasion, ledeburite, tool steel, test
The enormous sum of money is invested into the repairs of abraded and worn parts every year. For example land contains a silica sand with the hardness 900-1280HV with strong abrasive eff ect (Suchánek et al., 2007) . Discovering of right materials and their heat treatment for shelf life of parts in abrasive land environment is more and more important. For example the resistance against wear of low alloyed steel with a carbon content 0.55 %, so ly annealed and toughened rises 1.5 times and using quench hardening even 2.5 times (Filípek, Černý, 2002) . It is no less important to speak about an ecological benefi t of parts with higher abrasive resistance, longer lifetime and lower cutting resistance with regard to ecologically thinking times. It is known that blunt parts of a plough increase the energetic diffi culty during ploughing about 19% (Sedlák, Bauer, 1998) .
High alloyed ledeburitic tool steels are used for making of cutting instruments, moulding tools, compression moulds. These steels are also used for making of high pressure foundry moulds for aluminium castings and hammers and jaws for crushers.
MATERIALS AND METHODS

Test bodies
For abrasive wearing test there were prepared test bodies. These bodies, with defi ned dimensions consisting ( Fig. 1 ) of two tool materials 19 436 (according to ČSN) or X210Cr12 (according to EN) and 19 573 (according to ČSN) or X153CrMoV12 (according to EN), were prepared for the wear test. The other test bodies were made of the abrasiveresistance material Hardox 400 and for comparing they were made of the unalloyed structural steel 11 373 (according to ČSN) or S235JRG1 (according to EN) with diff erent heat treatment (Tab. I). The samples were manufactured from the fl at steel profi le with a grinding allowance a er the heat treatment.
Heat treatment of ledeburitic steels
The sample 19 436 -hardening machine Coderre. Heating in the protective atmosphere of a methanol and a nitrogen with carbon potential 0,8. The inclination and soak time are 60 minutes, only soak time 30 minutes at the temperature 940 °C. Cooling down in the oil at 80 °C. Tempering to the hardness 61 HRC, temperature 170 °C, soak time 45 minutes.
The sample 19 573 -vacuum hardening machine Schmetz.
The heating in the vacuum with three-degree inclination 650-850-1 060 °C, inclination and a soak time are 4 hours 30 minutes altogether (samples were quenched or tempered with big parts of moulds, the length of a soak time has to provide the heating of big parts. The sample was treated by nitrogen stream with the pressure 6 bar and the temperature of nitrogen 20 °C. Then the samples were tempered three times at temperatures 510, 530 and 480 °C.
Test device
The samples were tested on an abrasive cloth, in the Bond's device and at an operational ploughing test. 
Wear
The wear test in the Bond's device
Free parts of abrasive materials are poured into the rotational cylinder with angular speed 7.3 s −1 . The rotor, in which 8 bodies are fi xed on, rotates on the coaxial sha by the angular speed 64.4 s −1 in the same direction (Fig. 3) . Three kinds of abrasives were used for this test (Tab. II). Volume of abrasive was 0.001 m 3 .
Operational wear test
The ploughing unit of the plough Lemken Varidiamand 10 and the tractor CASE Magnum 250 (Fig. 4) , consisting of seven ploughs, was used for this operational test. The test took place in CzechMoravian highland in autumn 2011 (Oberreiter, 2012) . The test samples were fi xed between a blade and a clearing part on each ploughing body (Fig. 5) . The length of a groove was measured by a radar. The operational wear test was situated near Kralovka (centre of the fi eld 49°18'29.109"N, 16°13'45.420"E) and land samples were taken for a defi nition of a granulometry (Tab. III). 
RESULTS AND DISCUSSION
Wear test on the abrasive cloth The size of an average weight loss and wear resistance on the abrasive cloth was measured by the laboratory test, which was always done on fi ve samples of each type of material. The length of a sample trajectory on the abrasive cloth was 50 metres (Fig. 6, Fig. 7 (Fig. 8) . The sample of steel 19 573 (according to ČSN) has higher resistance than the sample 19 436 (according to ČSN). It depends on higher toughness and some presented elements (e.g. molybdenum, vanadium). The roughness of all samples was measured a er the test (Fig. 9, Fig. 10 ). Looking at the picture it is clear that the decreasing hardness depends on a rising roughness of the wear surface. Laboratory test in the Bond's device Tests were performed always with eight tested samples which were in a motion for sixty minutes in each used abrading agent (0,001 m 3 ). A er weight measuring of each sample the value of an average weight loss (Tab. IV) and the wear resistance was found out (Fig. 11) . Looking at some pictures and charts II the highest wear was reached using the abrading agent including the roughest parts. The grinding, crushing of an abrasive material for rounding edges of abrasive grains were realised, the intensity of wear process is the biggest at the beginning of test. It is necessary to change the abrasive material (Březina et. al., 2005) . Ledeburitic tool steels showed higher wear resistance in the test, the average weight loss falls down depending on rising wear resistance (Fig. 12) . There is the biggest wear on the leading edges (Fig. 13) . The resistance against wear of steel samples tested in the Bond's device depends on an abrasive medium. E.g. in case of land samples from 14 localities of the South Moravian Region there were up to 15 multiple diff erences in the wear (Filípek, Jandák, 1999) .
Operational wear test
The operational test was done in the land distance of 10 000 metres always on six samples. Again there was proven a high abrasive resistance of ledeburitic 9: Roughness and test bodies hardness on the abrasive cloth 10: Micro-photograph of the wear surfaces after the test on the abrasive cloth tool steels used under real operational conditions (Fig. 14) . Both tool steels are fi ve times more resistant than structural materials. The best treatment of unalloyed construction steel 11 373 (according to ČSN) does not increase the abrasive resistance (Fig. 15) . With relation to the low toughness of steel 19 436 there were some broken samples during the operational test but this steel was the most resistant thanks to the high hardness (Fig. 16) . The operational test has the biggest material wastage (Fig. 17) . From the tests with abrasive cloth not always decide about wear during ploughing. E.g. mass decrease of a steel 11 373 (according to ČSN) achieved with an abrasive cloth were up to 25 times higher than at weldedon-piece materials (Filípek, Březina, 2007) . During a ploughing test the wear mechanism is diff erent, the mass decrease of a steel 11 373 (according to ČSN) was 7 times higher than at compared weldedon-pieces. 
CONCLUSION
The ledeburitic tool steels, which were mainly used for a manufacture of cutting and moulding tools, are now used for a manufacture of compression moulds, high pressure foundry moulds for aluminium alloys and the injection moulds for ceramic processes. The article deals with the wear hardness of tool steels evaluated in laboratory and operational tests. Some samples of ledeburitic tools steels are compared with structural materials with a diff erent heat treatment. The operational test checks up the using of ledeburitic tool steels for making land processing instruments. According to the test on abrasive cloth these types of steels showed a higher wear resistance than martenzitic weldings (Müller et al., 2011) . The steel 19 573 (according to ČSN) had a bigger wear resistance than the steel 19 573 (according to ČSN) in spite of being tempered to the hardness less for 72HV. The content of extremely hard vanadium carbide caused higher wear resistance. The rising abrasive resistance with rising hardness of steel samples were showed in the Bond's device tests, especially the ledeburitic steel samples had fi ve times higher resistance than the structural steels with the low hardness (Fig. 12) . The steels 19 436 (according to ČSN) and 19 573 (according to ČSN) are suitable for making of complex mould parts for semi-arid mixtures.
The operational test corresponds with the test in the Bond's device but the tool steel 19436, quenched to the hardness 742HV, is thanks to its brittleness not suitable for land operation. This was proven by breaking and losing of some test samples during the operational tests. According to that the authors have found out that the steel 19 573 (according to ČSN) is suitable for that purpose. This steel tempered three times showed suffi cient toughness at the same hardness and required abrasive resistance. Although the price of tool steels is higher, there would be possible to use steel 19 573 (according to ČSN) for the parts whose complicated and long-lasting adjustment compensate the price of a more expensive and more durable materials.
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